This technical report details a family of time warp distances on the set of discrete time series. This family is constructed as an editing distance whose elementary operations apply on linear segments. A specific parameter allows controlling the stiffness of the elastic matching. It is well suited for the processing of event data for which each data sample is associated with a timestamp, not necessarily obtained according to a constant sampling rate.
I. Introduction
At the junction of symbolic edit distances [1] 
Proposition 4:
Upper-bounding the distance between a time series and its piecewise constant polygonal approximation Further details and experiments on γ λ δ , are described in [6] .
II. Definitions
Let U be the set of finite discrete time series: 
where d is any distance on R k+1 . In practice, we will choose
where γ is a parameter which characterizes the stiffness of the elastic distance γ λ δ , , and λ any positive constant element in R that corresponds to a gap penalty.
The recursion is initialized setting: 
Now consider the backward proposition P'2:
P'2 is true for m=0.
Suppose P'2 is true for all
We verify that the cases where
are strictly positive (the reason being that time stamps are strictly increasing).
Thus, 0 1 1 
P3: Symmetry
Proof: Since the distance d on the sample space T S × is symmetric, it is easy to show that
P4: Triangle inequality
For all ) , , (
Proof: We will prove P4 by induction on m=p+q+r.
and the induction hypothesis holds. 
VII Conclusion
We have proposed a family of time warp edit distances for time series matching. This family involves two parameters: the stiffness parameter that controls the elasticity of the distance and the gap penalty that is part of the cost involved in the insert or delete operations.
We have shown that the proposed measure:
-is a metric on the set of discrete and finite time series.
-is upper bounded by twice the Lp-distance.
-is an increasing function of the gap penalty and the stiffness parameter.
Further more, the distance between a time series and its piecewise constant approximation is upper bounded by an expression that only depends on the lengths of the times series, the number of segments of its approximation and the two parameters γ λ and .
